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I. ABSTRACT 


External factors such as increased global competition and 
faster changing markets are causing companies to re-evaluate their 
strategies with the objective of improving quality and lowering 
costs. 

The digital computer is seen as an important tool which can be 
used successfully to help meet these objectives. Many companies 
have successfully used the digital computer in specific circum- 
stances to achieve substantial improvements. 

As the cost per unit of computer power continues to fall, 
more and more productive uses will be found for digital computers. 
Many companies have recognized they will need to very carefully 
integrate the use of computers throughout their organizations. 
This integration of computers is commonly referred to as CIM 
(Computer Integrated Manufacturing). 

The implementation of CIM will require many changes in 
traditional management practices. This paper reviews CIM 
techniques and the changes in management practices that will be 


required if CIM is to be successfully implemented. 


ІІ. INTRODUCTION 


Computer Integrated Manufacturing (CIM) is broadly defined 
as the total integration of digital computers and software into a 
manufacturing organization. 

Because of changing economic, social, and technological 
factors, the process of integrating computers into an entire 
organization has received a great deal of attention. The integra- 
tion of computers into an organization will require many changes 
in management practices if this integration process is to yield 
maximum results. 

The purpose of this study is to determine what effects the 
implementation of CIM will have on an organization and what 
resulting changes will be required in management practices to 


insure a successful implementation of CIM. 


III. NEED FOR CIM 


One of the most important changes which has taken place in 
recent years is the increasing emphasis on quality improvement and 
cost reduction resulting from increased global competition in the 
marketplace. Because of this increasing global competition, many 
companies have had to re-examine every aspect of their business 
with the objective of improving quality and lowering costs. 

Another important change is that many products are reaching 
the "mature" phase of the product life acti. This means that 
total sales of a product have hit a plateau and there will be no 


more growth in total sales. The only way to increase sales of 


companies who want to continue to compete in these types of 


markets із for them to segment the market into smaller sub-segments. 
The customer in these smaller sub-segments wants a little different 
product than was offered кайра." This means the company will have 
to differentiate its product in some fashion. The company will 
have to manufacture smaller lot sizes of different types of 
products. Many products today are being produced in lot sizes of 
50 pieces or еме, This decrease іп lot size апа increase іп 
types of parts produced will require companies to have more 
flexible manufacturing methods. 

There is also a shortage of skilled personnel in the manu- 
facturing field. This shortage has occurred for several reasons. 
One reason is that fewer and fewer people are currently employed in, 
or want to become employed in manufacturing eae Another reason 
is that our brightest college graduates do not want to work in the 
Manufacturing Engineering area because there are more opportunities 
in the business, computer science, legal, and medical жн, 
Manufacturing companies аге looking for ways to use computers to 
multiply the efforts of the skilled personnel they have as well as 
to eventually have the computer assume many of the duties performed 
by clerical workers. 

Customers have also changed in recent years as they now expect 
shorter and shorter response times to their rapidly changing 
demands. Organizations need to improve their monitoring of external 
environmental factors and reduce the time required for the organ- 
ization to adapt to these changing demands. 


The Japanese have also demonstrated that companies need to 


reduce their inventories through the use of the Just-In-Time 
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philosophy. Maintaining high levels of inventories raises the cost 


of doing business and makes companies non-competitive with companies 
that operate with minimum levels of inventory. Companies need to 
improve their management of inventories if they want to compete in 

a global environment. 

Many companies are also finding there is a need to carefully 
integrate new automated techniques to insure they achieve maximum 
к. Many independent systems һауе recently been purchased by 
companies, including: robots; computer numerically controlled (CNC) 
machine tools; local area computer communication networks (LAN); 
computer aided design (CAD); computer aided manufacturing (CAM); 
Computer Aided Process Planning (CAPP); manufacturing resource 
planning (MRP); and computer controlled factory management systems. 
These different types of CIM systems need to be integrated care- 
fully into an organization so they all complement each other and 


yield maximum results. 


IV. APPLICATION OF CIM 


One of the best methods to illustrate how CIM will be imple- 
mented into a manufacturing organization is to first look at a 
manufacturing organization in its current form and then examine 
what this organization will look like after implementing CIM. 
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An example of a current organization is: 


CURRENT MANUFACTURING ORGANIZATION 


MAANTEE ana 


DESIGN DRAFTING 


ENGINEERING 


PRODUCT 
CONCEPT 


MFG MFG ENGR: 


CUSTOMERS ENGR: 
AND -ORDER NEW -PROCESS 
MARKETS EQUIP & PLANNING 


TOOLING 


PRODUCTION 
SCHEDULING 


QUALITY 
CONTROL 


PRODUCTION 


As shown above, the organizational manufacturing process starts 
with close monitoring of the external environmental to determine 
what the customer needs. These needs are translated into a product 
concept. This concept is sent to Design Engineering where the 
original concept is developed into a detailed product. This 
product is defined by engineering drawings and written specifica- 


tions. Any calculations required to design the product such as 


D 


stress, strain, deformation, endurance, and interference is done 
manually. This design is often done with no consultation from 
Manufacturing Engineering regarding ease of manufacturing. 

The preliminary drawings and specifications are sent to 
drafting where detailed engineering drawings are created on paper. 
From drafting, the drawings and specifications go to Manufacturing 
Engineering. 

Manufacturing Engineering determines what manufacturing 
processes will be used to produce the product. These calculations 
are done manually and require data from many sources. Manufacturing 
Engineering also determines what new machine tools will be 
required and they purchase the needed equipment. 

Manufacturing Engineering then provides Production Scheduling 
with information regarding what manufacturing processes will ре 
used, what machine tools will be used, and what materials are 
required to produce the product. Production Scheduling then 
schedules production for the immediate future requirements. They 
also order all raw materials and component parts produced by sub- 
contractors. This schedule is then sent to Production. 

Production fabricates and assembles the product using the 
schedule from Production Scheduling. Production also gets other 
needed information from Manufacturing Engineering such as 
sequences of operations, what machines to use, time standards, 
manufacturing instructions, gross material requirements, NC tapes, 
and jigs/fixtures. 

After the product is made by Production, it is sent to 


Quality Control where it is inspected to determine if it meets 


specifications. If it fails inspection, the part is scrapped or 
reworked. 

The product is then shipped to the customer. The company 
monitors customers and other external environmental factors to 
determine if their product is satisfying the customer’s needs. If 
it is not satisfying the customer’s needs, the whole cycle starts 
over. This entire process may take from five to seven years from 
starting date to completion шайны 


An example of а manufacturing organization that has implemented 


CIM would look as follows: 


CIM IMPLEMENTATION IN A MANUFACTURING ORGANIZATION 


сін SUP EN NS 13 а БАКАН ш Эш =ч ----------- 
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As shown above, many major organizational changes аге made when 
CIM is implemented. The first major change is that Design Engineer- 
ing and Manufacturing Engineering work as a team in developing new 
products. This teamwork helps to insure that parts are designed 
that can be easily manufactured. This results in low cost, high 
quality products that are designed in less time because of co- 
operative efforts and improved communications. ш 

The parts аге also designed using computer aided graphic ter- 
minals. These terminals use a mainframe computer to help draw the 
part and also perform any needed engineering calculations. The 
completed design is in the form of engineering drawings and speci- 
fications in digital form. 

This digital design data is then used by Manufacturing 
Engineering to determine what manufacturing processes will be used 
to produce the part. Computer Aided Process Planning (CAPP) pro- 
grams help the engineer to optimize the selection process. 

The next major change is that a computerized production 
scheduling system is used to minimize the level of inventory. The 
Japanese philosophy of Just-In-Time inventory is used as a guide- 
line principle for the Material Resource Planning (MRP) computer 
ылатын 

Major changes also will take place in the Production area. 
Quality will be improved because instead of checking quality after 
the parts are made, parts will be checked as they аге made utiliz- 
ing Statistical Process Control (SPC). Computers will be used to 


collect this SPC data for analysis. More robots and CNC machine 


tools will also be used to lower costs and improve quality. Many 


machines and robots will be automatically controlled by а computer- 
ized shop floor control system linked to the MRP system. 

Use of all these CIM techniques will improve quality, lower 
costs, and cut lead times for new products from five to seven years 
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down to two to three years. 


V. CHANGES IN MANAGEMENT PRACTICES REQUIRED 


The successful implementation of CIM techniques will require 
major changes in many areas of management. The major areas involv- 
ing these changes will be: 

1. Management Attitudes 

2. Strategic Planning 

3. Teamwork 

4. Management Training 

5. Employee Training 


6. Union/Company Relations 
7. Miscellaneous Changes 


Management Attitudes 


One of the most important areas of change will be the attitudes 
of management. The first subject management must change its atti- 
tude on is quality. Traditionally, quality has not received top 
priority by management. Quality has been achieved by inspecting 
parts after they were made. This resulted in high costs because of 
scrap and rework. Under this philosophy, the only way to improve 
quality was to add more inspection personnel to check more of the 
parts. This increase in inspection personnel increased payroll 
expenses and led to the attitude by management that improving 
quality will result in higher costs. The Japanese demonstrated that 
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improving quality will reduce cost. This was done by checking 


parts as they are made so very little scrap is produced. The 
machine operator checks the parts and uses SPC to prevent any scrap 
parts by correcting the machine before it produces any scrap parts. 
Under this philosophy, improving quality saves money because fewer 
scrap parts are made and not as many inspection personnel are 
needed. Many companies are using the computer to aid in кише 
1 
this quality data and to make the necessary calculations for SPC. 
This quality data is also being used to design new коа to іп- 
sure they сап Бе manufactured іп а high quality кенет. Once а 
company has implemented this new method of quality control, it must 
continually strive to reduce costs by improving quality. 

Another area that will require significant changes in manage- 
ment attitude is inventory control. Historically, inventory control 
has not received a great deal of priority from management. It has 
been shown that material spends up to 95% of its time waiting for 
value added manufacturing НОЗЕТЕ This results іп higher 
costs because this excessive inventory increases storage costs, 
financing costs, and takes up more floor space. Just-In-Time 
philosophy says that minimum inventories must be maintained. Many 
companies are using MRP computer systems to enable them to minimize 
inventory levels. Placing a high priority on minimum inventory 
levels will substantially reduce costs and can save up to 30% floor 
oa 

Management must also change its attitude towards employees. 
Successfully implementing CIM will require extensive support from 


all employees. Employees should be considered as intelligent pro- 


fessionals with skills and attitudes that must be used to зиссезз- 
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fully implement all the changes required in implementing CIM. 


Companies that fail to recognize this point will also fail in 
implementing өш” 

Management must also change its attitude towards acceptance of 
change and implementing new technology. Most managers have been 
trained to produce short term results with a minimum of risks. 
Because of increasing competition and shorter product life cycles, 
traditional financial calculations based on cost cutting, рго- 
ductivity, and efficiency are not as applicable any more. Companies 
need to focus on producing new products more quickly, improving 
quality, speeding delivery, and manufacturing with greater flexi- 
bility. The use of CIM will help to achieve many of these goals. 
Successful implementation of CIM will require managers with 
different attitudes regarding courage, risk taking, strategic 
thinking, flexibility in cost justification, receptiveness to new 
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technology, and promoting champions of change. 


Strategic Planning 


Another important area of change will be in strategic planning. 
The normal process of strategic planning involves first setting 
company objectives. Then the external environment is surveyed to 
identify potential opportunities or threats. At the same time, the 
company’s available resources are evaluated to determine if the 
company has the resources to capitalize on any opportunities. As 
a company implements CIM, it will begin to have many new capabil- 
ities such as higher quality, lower cost, more flexible manufactur- 


ing, etc. Top management must develop methods of keeping informed 


of its own company’s increased capabilities as a result of СІМ and 
also be aware of competitor’s capabilities when strategic planning 
is being performed. New CIM technology must be integrated into the 
strategic planning function if a company wants to achieve maximum 
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benefits апа stay competitive. 


Teamwork 


More use of the team approach will also be an area of major 
change in management practices. Teams will be required with 
members from several functional areas. One example would be a team 
from Design Engineering, Manufacturing Engineering, and Production. 
This team would work together to develop new products that are 
functional and can be produced at low cost and high quality. These 
teams often use many tools such as CAD, computer simulation, and 
Design For Assembly (DFA) кайшы а Тһе best method to success- 
fully implement CIM is to use the team approach because most of CIM 


involves many different systems which affect many functional areas 


in an organization. 


Management Training 


Successfully implementing CIM will also cause extensive changes 


in management training. Implementing CIM will require managers with 
more technical backgrounds. It is estimated that the demand for CIM 
23 


managers with technical backgrounds will quadruple by 1990. 
Managers will also require improved communication skills to work 
better with people who will be involved with implementing CIM. 


There is currently a shortage of managers with technical back- 
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grounds who аге familiar with CIM. Many companies are either 
developing their own training facilities or are applying pressure 
to their local educational institutions to begin curriculums for 
training new employees or existing employees in СІМ йек” 
Companies will have to develop a means of obtaining technical 


employees familiar with CIM if they are to be successful in 


implementing CIM. 


Employee Training 


Another major change in management practice will be the train- 
ing of all employees. A successful implementation of CIM will 
require additional training of all employees. Most employees will 
require training in SPC and JIT philosophy. Many employees will 
require training on specific CIM technology that impacts on them. 
There will also be a requirement for better trained maintenance 
employees as equipment becomes more computerized and sophisticated. 
Many workers will need retraining because their old job is changed 
significantly or eliminated. Failure to provide adequate training 
to help overcome resistance to change will probably result in 


failure to successfully implement CIM. 


Union/Company Relations 


Implementation of CIM will also require changes in management 
practices with respect to unions. Companies should enlist the help 
of the union early in the implementation phase of CIM. Because СІМ 
will require а more flexible work force, new collective bargaining 


agreements will have to be negotiated with fewer job classifications 
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and less restrictive work rules. Many jobs will have to be re- 


designed and the union should play a role in redesigning these jobs. 
The issue of laying-off workers affected by CIM or retraining them 
will also have to be resolved. The cooperation of the union will be 
one of the determining factors in the successful implementation of 


СІМ. 


Miscellaneous Changes 


There will also be many miscellaneous changes required in 
management practices. There will probably be an increase in соп- 
fusion and organizational tension as CIM is implemented. There may 
be a decrease in morale because fewer people will be needed after 
CIM is implemented and opportunities for advancement will be 
limited. Conflicts may also arise between employees who are deemed 
technically competent and those who are те With more 
capability for computer monitoring of job performance, employers 
will have to treat carefully the issue of "Big Brother" job 
performance monitoring. The use of Artificial Intelligence (AI) 
to replace many low level white collar clerical workers will also 
be of great importance to the кентте Management should 


carefully consider all of these miscellaneous factors when 


implementing CIM. 


VI. CONCLUSION 
Increased global competition and faster changing markets will 
cause many companies to implement CIM in an effort to improve 


quality, lower costs, increase manufacturing flexibility, and 
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